In this study, we report no association of a novel putative functional SNP at the 5Ј-UTR of human reelin gene with schizophrenia. Our result should be interpreted with caution. First, SSCP is not a perfect mutation screening method, there might be other functional polymorphisms missed in this study. Second, human reelin gene is a very large gene, there might be other functional mutations in the protein-coding sequences and exon-intron splicing sites that may down regulate the reelin expression in schizophrenic patients. Third, in addition to heterozygous reeler mutant mouse, there are several other animal models with reduced expression of reelin, such as prenatal human influenza virus infection, 9 experimental hypothyroidism, and chemical lesions. 10 Hence, in addition to defective reelin gene, environmental factors as mentioned above should be also taken into consideration when investigating the etiology of the reduced reelin expression in schizophrenic patients. Finally, although the allelic association of this SNP with schizophrenia does not reach statistic significance (P = 0.08) in our population, it is warranted to replicate this association SIR -Extremely high and low scoring individuals on the temperament dimensions of novelty seeking and harm avoidance were genotyped for three candidate genes involved in the dopaminergic and serotonergic systems. Associations were found between the dopamine transporter gene and novelty seeking, and between the serotonin transporter gene and harm avoidance. The associations were the strongest in females. In addition, the associations differed although not significantly, in groups of individuals with or without the 7-repeat allele of the dopamine D4 receptor gene, suggestive of an epistatic effect. Genetic studies on temperament have been focused mainly on the dimensions of novelty seeking (NS) and harm avoidance (HA). High NS was found to be associated with the 7-repeat allele of a 48-bp polymorphic repeat in the dopamine D4 receptor gene (DRD4), 1,2 and high HA with the short allele of a 44-bp insertion/deletion polymorphism in the upstream regulatory region of the serotonin transporter gene (5-HTT). 3 In addition interaction has been reported between the 5-HTT and DRD4 polymorphisms in NS and HA. [4] [5] [6] Since the DRD4 and 5-HTT associations were not found in cross cultural and ethnic groups, they are subject to an ongoing debate. 7 We therefore aimed at replicating the association and interaction findings using the method of selective genotyping.
We previously provided evidence that selective genotyping-a method in which a large population of individuals is phenotyped but only extremely scoring individuals are genotyped-is a suitable method to study association with quantitative trait loci (QTLs). 8 Here we applied the method to a population of 2446 healthy, ethnically homogeneous, northern-Swedish individuals, 9 in which temperament was measured using the Temperament and Character Inventory (TCI). 10 The 5% extreme selection included for NS, 109 low (adjusted NS-score Յ12) and 113 high scoring individuals (adjusted NS-score Ն32), and for HA, 110 low (adjusted HA-score Յ7) and 109 high scoring (adjusted HA-score Ն21) individuals. All temperament scores were corrected for age. The composition of the extreme groups with regard to gender was highly asymmetrical: there were significantly more females in the high scoring groups (76 females vs 37 males for NS, 80 females vs 29 males for HA) and more males in the low scoring groups (56 males vs 53 females for NS, 77 males vs 33 females for HA) ( 2 = 7.91, P = 0.005 for NS; 2 = 41.28, P = 1.3 × 10 −10 for HA). We genotyped the extreme groups for the polymorphisms in DRD4 11 and 5-HTT, 3 as well as the 40-bp repeat polymorphism in the 3Ј untranslated region of the dopamine transporter gene (DAT1). 12 The latter has been analyzed for association with NS although the The DAT1 alleles represent number of 40-bp repeats, those of 5-HTT the short (S, deletion) and long (L, insertion) alleles and those of DRD4 the number of 48-bp repeats. Significant differences (P Յ 0.05) in allele frequencies are indicated in bold.
data were negative. 13 Association was tested using a 2 -statistic for the bi-allelic polymorphism in 5-HTT. For the multi-allelic polymorphisms, CLUMP 14 was used. CLUMP generates P-values that are based on Monte Carlo simulations to circumvent the problem of multiple testing. A P-value of 0.05 or less was considered statistically significant.
The 10-repeat allele of DAT1 was overrepresented although borderline significant, in the high compared to the low NS-group ( 2 = 3.89, P = 0.078) ( Table 1 ). The 5-HTT deletion was more frequent in the low HAgroup, and the 5-HTT insertion more frequent in the high HA-group ( 2 = 4.06, P = 0.04). No differences were seen in the allele frequencies of DRD4 in the NS and HA extreme groups. After stratification for gender, the DAT1 and 5-HTT associations were significant in females only (Table 1 ) ( 2 = 5.26, P = 0.035 for DAT1; 2 = 4.18, P = 0.04 for 5-HTT). Comparison of the genotypes showed that genotype 10/10 of DAT1 was more frequent in the high than in the low female NS-groups, while the S/S genotype of 5-HTT was more frequent in the low than the high female HA-groups (data not shown). Also, in females the 7-repeat allele of DRD4 had a higher frequency in the low (22%) than in the high (9%) HA-group ( 2 = 6.59, P = 0.032) ( Table 1) . No association was found between DRD4 and NS.
Next, we tested for an epistatic effect of the 7-repeat DRD4 allele. We observed significant association between the DAT1 10-repeat allele and high NS only when the DRD4 7-repeat allele was absent ( 2 = 6.25, P = 0.023). No interaction was observed between DRD4 and 5-HTT. Association between the 5-HTT deletion and low HA was strongest in individuals with the 7-repeat allele ( 2 = 6.09, P = 0.01). The epistatic effects were significant in females ( 2 = 5.86, P = 0.019 for DAT1*NS and 2 = 4.55, P = 0.03 for 5-HTT*HA), but not in males. To assess the precise impact of the potential epistatic and gender effects, we performed a logistic regression analysis. Although the odds ratios indicated a positive trend, the results did not reach statistical significance.
In our study of selected extreme scoring groups on NS and HA we observed an overrepresentation of females in the high, and of males in the low scoring groups. Earlier studies on temperament have shown significant gender differences on measures of neuroticism or HA. 15 Also, in the whole Swedish sample, NS is higher in females compared to males (R Adolfsson, unpublished data). The associations we found with DAT1 and NS, and 5-HTT and HA were strongest in the female extreme groups. Our association data contrast with a previous report showing no association between NS and DAT1. 13 We however, were only able to detect a significant DAT1 association in females. Also, the association of the 5-HTT deletion with low HA was in the opposite direction of what was originally reported, 3 the 5-HTT deletion being more frequent in high HA scoring individuals. We did not observe an association between DRD4 and NS, also not when examined in interaction with 5-HTT. The inability to replicate the association between NS and DRD4 may be due to different allelic distributions of other common polymorphisms interacting with DRD4, 6 in the northern Swedish population. The presence or absence of the DRD4 7-repeat allele seemed to influence the associations between DAT1 and NS, and 5-HTT and HA, although the data were not significant. The lack of significance implies that the 5% extreme groups, though powerful enough to detect single associations, lacked sufficient power to detect significant epistatic effects. Again the potential interaction between DRD4 and 5-HTT in HA was in the opposite direction of that reported by Auerbach et al. 5 The opposite findings obtained with 5-HTT in HA may suggest that the 5-HTT polymorphism itself is not involved, but rather an unmeasured polymorphism in its neighborhood, which is in linkage disequilibrium. On the other hand, our findings or the one(s) reported earlier may be false positives. In this respect, it is worth mentioning that for HA, neither the association nor interaction could be replicated after enlarging the original sample. 6 In conclusion, although our data seem to support that in NS the dopaminergic (DAT1), and in HA the serotonergic (5-HTT) systems are involved, the associations and interactions should be tested for replication in independent cohorts as well as in extended extreme groups of our study population. It will be important to test populations in which temperament dimensions were assessed using different temperament instruments. Nevertheless, our data show that studying multiple polymorphisms and their interactions combined with the method of selective genotyping may be a promising approach in searching for genes leading to quantitative traits such as temperament. SIR -Chromosome 16 short arm has been shown to display modest linkage signals for mood disorders in a number of studies. [1] [2] [3] An interesting candidate gene in this region is the adenylate cyclase type 9 gene (ADCY9) on 16p13.3, because adenylate cyclases (ACs) are critical in neuronal signaling, and perturbation of AC activity has been reported in mood disorder postmortem brains, 4 with additional supporting evidence that AC may act as targets of antidepressants and mood stabilizers. 5 In the present study, we investigated the potential role of ADCY9 in mood disorders, by using a newly developed family-based association analysis.
